Action of diazepam on the voltage-dependent Na+ current. Comparison with the effects of phenytoin, carbamazepine, lidocaine and flumazenil.
The influence of diazepam, an agonist, and flumazenil (Ro 15-1788), an antagonist of the benzodiazepine receptor, on repetitive firing of action potentials in cultured spinal neurons and on voltage-dependent Na+ currents in cultured N2A neuroblastoma cells was examined. The effects were compared to those of the antiepileptics phenytoin and carbamazepine and the local anesthetic lidocaine. The whole-cell configuration of the patch-clamp technique was used for potential and current recording. Diazepam (10 microM) or phenytoin (10 microM) reduced the duration of repetitive action potential discharges in 50 or 67% of the spinal neurons, respectively. At a concentration of 100 microM repetitive firing was completely blocked. Flumazenil (100 microM) had no effect. In N2A neuroblastoma cells diazepam, phenytoin, carbamazepine and lidocaine, but not flumazenil, at a concentration of 100 microM reduced the Na+ current to 60-67% of control. At 10 microM no or only a weak depression was seen with any drug. In the presence of diazepam (100 microM) the Na+ channel inactivation curve was shifted in the hyperpolarizing direction by -4.8 +/- 0.5 mV. Phenytoin, carbamazepine and lidocaine (all 100 microM) caused stronger shifts of -17.4 +/- 2.1, -10.6 +/- 0.9 and -17.0 +/- 2.1 mV, respectively. Inhibition of the Na+ current by diazepam increased use-dependently over 9 depolarizing pulses repeated at high frequency (200 Hz), whereas use-dependent effects of the other compounds developed less rapidly. At a low stimulation rate (7 Hz) use-dependent block was pronounced with lidocaine, but weak or absent with diazepam and carbamazepine.(ABSTRACT TRUNCATED AT 250 WORDS)